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(54) LASER BEAM MACHINING METHOD 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a laser beam 
machining method which is capable of cutting an object 
for machining without the occurrence of melting and a 
crack deviating from a planned cutting line on the 
surface of the object for machining. 
SOLUTION: This laser beam machining method has a 
process step of irradiating the inside of the object 1 for 
machining with the laser beam by aligning a condensing 
point P thereto and forming a reformed region which is a 
planned cutting section within the inside of the obyect 1 
for machining along the planned cutting line 5 of the 
object 1 for machining and a process step of exerting a 
stress to the object 1 for machining after the formation 
of the reformed re^on which is the planned cutting 
section and growing the crack initiating from the 
reformed region within the object 1 for machining as a 
start point tilt the surface of the subject 1 for 
machining, thereby separating the object 1 for machining. 
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j*^^ 1 (omm 3 fc^wr?^ v-f 5 if^^nnrz^im 

mm'pmm^^ c s ii i: * < . tniwiii*! i ^mm-r 

^ffi{j:«-?-r^ W;^*^Jg^^nTV>54DXi^i^fe^c•:JV^ 

[0 0 4 6] nigyfcJcntf. inxm^KD^ 

®3<D^»f^^^'r>5^±?^iftL*^/'>c[)■^?^ ^^^v 

-fyStDil (COlili. 0iJ^tf¥«ft:>irx/N©Ji^. ^ 
mw^y :/i:^-5®iiS|p|±OM|!H-e^5, ) ^/Jn^t < t* m 
ctitcj;*). -ft©iDX^fei*>ef^$n5 

[00 4 7] *fc. ^1 Mfc J:n«> inx^i^^l^ 1 
fflv^fe^-i''>y^^j;!3t1ffiii*iDXft^t6ta;5o m 
TfeoTfe. ^i0iJfcJ;n{ir«»rJraXA^5i^i::^5„ c 

[0 0 4 8] U-1f3tejli«— :5tC|S&-rjiia(T'«, 40 

•p^So ctitiv =o© U— if 1 5, 17, 1 9*^ 

^jg 1 5 . 1 7 *^ & o§ u-— !f )t{li;pxM#i!f^ 1 (omm 
3i)-^p>Xmt?>o U—^^mi 9A^P.OU— tf^tiirax 
1 <Dmm 3 i)^ 6 AW-r 5o C n J:4a«. igS!c(D b 



m-Vlt~'D(D U-'ifym 15, 17, 1 9 {C J: 

[0 0 4 9] 01 8itu~vm.ti^mncmf^:^mm 

0-pfe5o 1Sa<DP— y^jg2 3A^^0Br?^ 

2 5. 2 7. 2 9^mTV^So 7W3^aSlfi52 5, 2 
7. .2 9<D^>«?(C^I/>T|^C^JtgBB?nfcU'— If^ilg 

^Pi) ^m^-r^o cogUKjcntf^Br^^^-fv 

5{c}SoT^IS<D^)t^Pi, Pz, • . '^mf^icB^ 
t^<liii)'^V^?>(OX% 1mXim^\^±-S-^^Ctf)'^T 
^So.*fc. C(Omv}i. ^ffi3±-e^^T^Br1^S^ 

[00 50] mzmi mc. :^mmmm(of$ 2 Mtco 

*5j?^AM0 0/iingg<iDffi«^?^'xM (SfiO 

[0 0 5 1] mzmicgk^^mmmns mi 4ic^^t\y 

-1finXg«l 0 ORtmi 9. 02 0K^"rSiiA^6 

«ifi!t^nso mi 9Rtf02o^^:5^"rs^l^^:•o^/^TS^w 

i^—h (y^fVL.) 3 3 tC^if ^ nrv^So COx/n 
h 3 3 {i>. ffiS^^-^x/N 3 1 ^^it-r^fflllO®** 

v^So •>xM->'-h3 3«, ■9■yy;^^^;^^3 sfcRif 
^nr. ^K^i 0 7±(c-fe>;/ h^nso 

#E«7*/W;^^ry:^3 7tt|ilKg|53 9J&WLTl/> 

5o !l<Dmm^3 9li. E«^?'>x>'n3 1 ©^ffiK# 
JE«x-'W;^^.yy3 7»^i:^gB!^^nT^3 0^ I^MStS 

iggsgp 3 9 ©ratcttm^©KRi a ( 8 o /i mmm) tm 

fiR^nrv^So ft^3, 02O(i. EB^^-^xMS 1<D 
rtgpo^^lcStagPi: LTcD?S/J^J5:^vy^5'®^^9A^BK 

[0 0 5 2] ^{C, 02 1 {Cg-:JV>T<^20tJfC^5^ 

(^2eilJ{Cfcl/^T«. L 1 T 
a03A^B;&SEB^?'>x>'N3 1) ©T^MIf 14?riB!l . 

^•rs (s 2.0 1) o mifsmmt. ^mtm.mm^m 
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p-if^Mi 0 1 j&a^fs (s 2 0 3) o mzmiz^ 

V>Ttt. SslciftilSAM 0 6 4 nmt?$S/^;l/XiS (P 

w) moY AGu-^i)m^tnx\,^^o c^.yagu 

— /Vl/XCD^0jIL^ffi^m*^2 GHz 
;P7.itii*^6 n s -efetJ^ >'^;l/XX^;l/4^{i3 0 0 fi j V 
^5, *fc^ YAGV-1f*>6mit$n-5l'— tf^feL© 
hgfi. .2 0 /tmSfifpa&5o 

[0 0 5 3] ^Aic^ ^mnmtn(om-i^ ^m^t^ (s 
2 0 5). ^ifj^i^Mi^ojp^AW^n^si:. ^(om 10 

(OfHrnciSimt 5 J; 5 tc, b-lf ^ L oyytmis^lc 43tt 

-^^h<o$mM<o^im (mx) *Si^-r« (s 2 

0 7) o \y~^%h<o^%mmLm (mm) a. m 

naminow^o) 1 / 2 coMtcg^^nso 
[ 0 0 5 4 ] 0 2 2 fc^^ns <fc 5 {c^ iiHEo u— »f 

tfs ^M) *©ffl»f^i:^»rm#s|^<DaSf^i:<o^t,> 20 

1) ©^SA^em^tcstcffiB-rsjcdt^So 
t>-5^ ^^'t'O^^. rw— tf5^L(D)tliii:^i6j-e(Ozfi!i 

UTia^^nSo ^-O^, X-Y-ZlttXx-J? (2|s:|| 

1 1 lRtfZ«lXx-i?l 1 3fcJ:*)«fig^n5) ±(c 
EB*tlfc3$®& 1 0 ItcMVXtf h 3 3fc« 

it?nfc^®fwgi*j«;&^«-r^ (s 2 0 9) o ^mn 
T. agi^? 1 2 1 -e<Dafsie«k:s-cJv^T, u— »f)t 

(S 2 1 1) o C<lT-tt. |i^ffl)feilgl 1 7tCj:oTff 
& tiSff M^?'^ x/N 3 1 O^SM^ii^a^^? 1 2 40 

MmMn<omm±xmj^^m^^ 3 ic zfft7.x-v> 1 1 

30^®jfil[«*i*^U Xx-v^$ijffllgi5 1 1 5tcai;f3-r 
5o T.'r-i^Ummi 1 5tt. Jl^x-^ffiaaJl 2 5 
*^e(jDtH*M^fcS-:5i/^T> ZlftXx-S^l l 3<D^i6 



[0 0 5 5] mmm^m 1 1 7*^e.ai8*^n/c)tcD7* 
( s 2 1 3 ) „ c c xa. mmmmmom-smmm 

nif Z m^f—i^ 113^ 1^— if )te L (r))ttti7?|Slfc^®j 
?-^5<t3tC. ^#:^J®IgPl 2 7 A'<Xx-v'$l|®gi5 1 1 

1 1 5i}'^zm7>y'-i?l 1 3flD^!l&{fl[H%i&JfflI-rSo ± 

T^ii^^ nfc u-if )t L (om^Momm^fcif z lax 

1 1 3 !f 7^ L r6i»c^tt^-a-5 t 

. iB«*^7f § (S 2 1 5) o 

[0 0 5 6] WHf^LO«)tjJ^<D^»fJ^^«i|^cDrtgp 

mt^tmc. mmcomm^'i^-yicLrcij'^^xxmT. 

0 9RtfYftli;^-r-e;^l 1 (S 

2 1 7) o l^-lf^teiSl 0 l*^&Hll?f*nfcU— »f3teL 

«s 02 2{cs^^n5*5fc. m^miyyxi ost* 

t)> g5g-r5lil[®gP3 9<DP^{Cjgfig;?tifcmA£©fffl^a 
(±^UfcJ;3{Cx 8 0 urn) imtSEm^^^xfs3 

^(omm7'fUx^vf3i^^n.-r^rcmz^ w^t 

[0 0 5 7] dCT'. ^»f5*^#J|^{cHai#^n-SI>-1f 

)teL«, mytmuz^xi ostcj;*). 02 2(c^5.n5, 

i^tc, E«^?r>x/N3 (V— lfJteL*^AM 
fcfciO. U— lf)tLA^IilKg|J3 9^cAI^■rs<^)«l»<• 
^:^:*^T#. SKIPS 9*U-if3tL*^6«S-r5ci: 

[0 0 5 8] U'— »f)tM 1 0 1 A^^mi^^nfcP-m 

©E«^?'>xM3 1 (OrtgiJ(Ct5tJ5^?t^PZia'^-(D 
^»f?*ii**iR (ES^^-J/x/NS 1) O^SRtfg 
[0 0 5 9] i^m. 0 2 3—02 7{i:SO%-'T. U— tf 



(9) 



!NFga2 0 0 3^1 4 5 8 



15 

[0060] U—^nm 1 0 1 6 U-^yt L AV^^P io 

^»f«^**s 3 2 c?)^ii*fT^ Tcm-^. i^mm 9 
3tS)iafe5(/^(i^w^^itM;^3 z<Di^wmm^m<t 

{<:J;0. 02 7fcg^sn5J:5fc, ^'^y^MJ^g*^ 

u— ifjfe L (o^it:^^&^\,^itmmMmtn 3 2 o^si 

^LOgl0jiL^iS»Rt?«Bf«^tf«3 2 (xflliXr 
[GOBI] .±3^bfc^a<0«»f/<:Jr->t}»oTi'7 

^yi^mmBtm^-^n^t cs 21 9) . ^m^nj^m 

®JgE9A<J^fi!t?n/-£gPi)-tcjS:^;&4i;$-li:.T. mmim 

mtm^-^tircmmxmmt^ (s 2 2 d „ 

[0 0 6 2] ^»C. 02 8~@3 2^#MtT. I^SW 

5J;'5!5:ii5l^-yy^'3 4. C©5Rg|^-^«y ^ 3 4*^gJ 
(ifESPM) , inE--K;i/3 6^^i!i^-&:5fc46«oJin 



16 

[0 0 6 3] aE«^?'>x/N3 1 *^^»fgBtBBl^n 

=f-yy3 7 fcJtlS-r 5filLMKi!5i5l^+ y 3 4 %2r:Jtt 

ZfS 7 fCifig^fe L < {iSg^^-&fc:«ST'i35g|3t?>:/^B 
^fti&^-&5Ci:{cJ:0. 0 2 9 fcs^^ tiS J: 3 ft, 
51^^ ^ 3 4 }C:JJ-I?i-r 3 7 (ffi 

1) 03 Otc^^^nSJcdfc. -^x/n 

h 3 3 <omm (EW^^-f x/N 3 1 iimn^nrcm 
osffi) iiA^e.^si-r5EaT/^-rx^<y:/3 7fi:Mjs 

[0 0 6 4] iraff-- K;b 3 6 x/nv'— h 3 3 

t. x/Ni^- h 3 3 A^^j^-r 5 i:«{ciniE-- F;l/ 3 
,6 {c J: 0 E«m?'> xM 3 1 ^c^1.gp*>6^S:^J*9^i^^n 
T, ^^^y^^«9*^jgfi8^nTV^S'>xMgp5J-fcjS;* 

CT ^ ^ -y ^^®t^ 9 A^figM-r -5 o ^^y^mLQ 

E.m.m=?-^ x/N 3 1 tossstfass r-figgr -a c t tc 

J:t). E«^?!>x/n3 Hi. 03 1 {t5^^n-5.k3 

4^t8|-rSffflxA^';^^-yy3 7<D4fga5fc:feV^T^ 
Wf^txT. E«x/'?'l'X5^>y:^3 7*^E«|g?*>x/>3 

?nfcE«-r/WX^y :^3 7*^fRtJrr5©*l»<*C: 

[0 0 6 5] Eax/UX5^>yy3 7 !{)^E«^^'>x>'S 
3 l*^P>^fiSt$n5i:i!S§I^Y>y^3 4Rr>*finE--K 
;l/3 6^'>x>'^'>— h 3 3*-'p>{Sin5:5ioi(cg^i!i^-i3: 
So -7^34 RtftolE-- K-'l/ 3 6 A^^^T S 

i:. :«'l?i?tifcEax/WX^>y:/3 7«i5ft?|^-v>y^' 
3 4{C5RgLTi/''S©-e. 0 3 2tcS^?nSJ:'5(c. «> 
x/N^/— h3 3A^&g|^n-Sui:{c:&5o c:®i:Sx 0 

-J&0 3 2 «f ^91 B ;ar(«iifcgs 0 . ^m^^rm\i-'r y 

^3 4lC^©bTV->5Ell7^/WX^-y:/3 7 ^^x 
/v>-h 3 3»C«lf ^nTI/^5E«^?'i'x/\3 1 (B. 

T. ^^y^%^9 ^fiKs^ ^T^»f^^^*^^^^«I»f•r 
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. [0 0 6 6] C(OX^iZ. M2Wc*!V^Ta. m^tmU 

^ nfc 7 y i'^ig? 9 (DisimKx^immtm''wmtE 

fc^9-y^«|i^9{C}&oT^»f2n50-e. ^Bf<D7?l^ 
So . 

[0 0 6 7] «iSWi1-:^j9JiDX«3^i^{t:^fc* 

[0 0 6 8] ^fc. taE=.-]i)l'3 6^fflV^T)tejgjitt 
^^•y^7®ig?9*figg?-&r^t]®itt*^m^»fb 30 

x\^^^<Dx\ iB^t£tirci/=y^yi'mm9(Dimtcxy(M 

[0 0 6 9] *fc. 1t»©lHl!^g|53 9A^}gBg$tlfcE« 

0, ll5S-rsiilKgP3 9<Drat0^^nfcHI^(clSlty> 
x/Ngp^J-tOrtgPfc^^^A^fiH-r § J: 9 l^-if^ L « 

^jfeu ^"y-j ^mmQ^j^^^^^(ox\ mnt^m 

KgP3 9©rafCSB!t$nfc«CDffii«{C:feV^T. 
[0 0 7 0] $fc. ^^eSiaitM?^ (EW^^-^x/NS 

1) (D^m^^y^^ti^-'^^L^^Mhxmt^^u- 
io^ycm^xmmi^\m^^n^^t\ci^*). mi<oi3 

[0 0 7 1] Sfc, ^ZWcJi^^Tli. 
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[0 0 7 2] ^2WJ:*5V^T{±,,3jHg|5 (^^-y 

mmi^v-^^uz^mmm-ntx^ 

igi 0 1 tLTSS/^;i/;^^— tf^tiS (feii^ltfs 7x 

(f s) b— ^m^5iii:T% mmm^it ■ 

J: 9 fttD^ft^fiJffl LT 7 >y ^^i^ 9 

[0 0 7 3] $fc. l>— ifSPlSKl OOtCfel^-'T. Z 
ifttXT^-i^i 1 3^^K$-<i:§t:^(cj:0P— If^tLO 

iPjfc^i&^-e-S c i: ft <k ») 7 *-*:xillS*ff 3 J: 3 1 
[0 0 7 4] $fc^ l^—tfiDXSHl OOJtiSV^T, m 

m<omm^^^-yicLrci)'^^xxm7.'r-i? 1 o9Rtf 

[0 0 7 5] *fc. !!R?I^+y^3 4fCE«^?'>x/N 
3 1 ^KJi^-Brfe^K. ftlE-- F;P 3 6 fc J; t) SMM 
?'i'x/N3 l^^HfrSipfcLTV^SAV CinfcEB 
n§c:i;^<. iipffi--K;l/3 6fc<t0ff«^?r>x>'N 

^37 y ^ 3. 4 fciR^^-erS J: 3 tc UT t. J: 

**3. m\f-^ry^3 4KS.mm=P'>:>i^^3 1 
«f^-^fc^{C. iDJEE::::-K;l/3 GlCj: t)E«^^^•>x/^ 
3 l^^»r-r-5ili:{Ccfcti. «iT:iJ-lli$nfcffi«T/^'i' 
X^y T?' 3 7 <D«®A^ii?l'^^ >y ^ 3 4 fCTStenS C . 
i: tc:& . WXg^^y y 3 7 O^StCj^A^^ 

■r§©*IW<*C.!;A^T^5o 

[0 0 7 6] s/c. Ji#^?i 2 1 hvxm9]-Bm<oi> 
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^(Ofs-y^'y-tv^-^^mi 0 1 t(om 

1.0 :1 A^&g8i*$n5u-if7feL<?)ai*fi. ^=7-j^^ 
[00 7 71-^2 m(om^is^ ^^nmmwt&.T\m « 

[0-0 7 8] *^0Jt^§jlM14Mi|^©«»f:^S«> 

[0 0 7 9] :mmK%:^%mmtm<o^mi5mx' 

[0.0 8 0] *:rc. 2|s:^B^tC^5^Jitt#^(D«»r^ 

[0'081] 2|s:^BJiti:^5^3M1i#3|^c?)^®f;5 
F* >y ^ {c J; 5 5^ v^f (cfclt 5 7"lx- KOB^tt. 

[0 0 8 2] JtSiSttt^il^tCtt. SSfOEIISgC*^ 
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gPfc^iigA^ffiH'r 5 <fc ^ fc if g^agp 
Ktt. i?5g?-r5iiissa5<Dffl{i:>gfig^nfcrai?g©fii[iifc:43 
[0 0 8 3] 55^sg^5Jgfi8x@^c33v^T> "fmsm. 

[0 0 8 4] sfc, qmspj^figxigtcfev^T. mtm 

5 d i: fc cfc 0 ^ ^$Hg|J^^^^^o^^i^):$l^o^i:^e•^ ram 

w^cj^^-rs z. tx\ mm(Di5\Si^&m'^x d-1[ri± 
bT. mm<ois[^mm^^ K>~m^mKno c tis>x^ 

So 

[0 0 8 5] ip.nmic%:b^ff^min<om\^m,u 

sicx^mmmn^isi-r^mmjimt. ^mrv^ 
[0 0 8 6] 4^nBnicm^mmmtnmm:^mx 

Sjii4«3i^<D7t^w«^ig b < «)t^e5*6iiai«co b# 
nrc^^yi^icm^xm^-^n^(Dx\ mwi<o:^\^^^ 

tfc> ^'('■V*yF*yi5'lcJ:§^'i'i^>^fcttb 

A'«nrBgi:^^o ctiP.©;^^. *^B§{c<i:n{f. @46T 
[0 0 8 7] *fc, *^B^ti:^S)tSjattMi|^<D«»f^ 



■ ■' 21 ■ 

}* fCiS V>T«> ^ >y ^ (DJg^A^ l^-1f ^fc J; -Sl^gfiJ 
J; 3 {c ^ 5 >y ^ OJ^fig*^ b— tf^t J; SI^^Miraxt T 

mm-^ti^rcib. yim&mtn^^ic^^mLrsi\ yt io 
[0 0 8 9] $fc. «B^Ig^c^3^,^t:. jg^g^tifi^^ 

nfc 7 y ^ C i: (c J: 0 316^14*^^^^^ 

[0 0 9 0] $fc, ^BrX@»cfev^r. JfEgp^J^&ffl 

[009 1] :^^micm^5mj&mtn(o^}mmm. 

So 

[0 0 9 2] *.n'mtcmmmmtn<m}smmx 
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[0 0 9 3] sfc. :^^micm^ifm&mtn<f>wm^ 

[0 0 9 4] Sfe, *^BJ{c^5^fe^ft*Ji|^<D^lSr^ - 

mmmtn<Dm}Simmic:is\^^rit. ±^ tfc j; 3 tees® 

[009 5] ^^muim^mmmnmmmit. 
ly-'^mits ytmrnunmn-rmm^mt. u 

[0 0 9 6] *%B^{C-^S^^Mji141^J|^(D^»fS@-e . 
[0 0 9 7] $fc. *|g0^fC^S3tigii14M»<D^if^ 
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10 0 9 8] ^^micmmMmnm^m 

CO 0 9 9] $fc. m^ma. mmmmciiiti^ 

CO 1 0 0] ^<DSffitc?iia© 
it. mmt?>mm'S^(or^iicm^^nrcmmic^tsmm 20' 

Wft^mss&(DmicB^-snrcmm<D&mici8\^^x. % 

CO 1 0 1] $fc. Jte^^^tt. lilSSgPfclx— «f)feA<M 

CO 1 0 2] «fc. ^^t^^u-if^to^fc^sjM-rs 

CO 10 3] 

CO 1 0 4] P-if3t©8g|t{c<k05iiM^i|?A^rt 
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C0 1 ] :^wmm.\m^ tfiiDi:^^^ jc^tu- 
C02] mi\^^tissiMm!(oi \-\ ijsfcjacfe 

, liDX^<Dlinxw^%o¥S0-efe5o 
cia4] lasfc^-ripi^t^i^i©! v-i vjgfcB^rc 

C05] 03K:5^-rinXji^aiKi<DV-ViRfc?&t3fe»f® 
m 6 ] *^SfiJ^^{i:^5 U-lf iPX?Ji£ tc 0; o T^»r 
C07] 2|s:iaiBgfi|{c^S U-1f)toX:5»tcfeti-5^# 
C0 8 ] *^fig0ffitc^s i^— 9'iDX:)5fi£<om 1 xgtc 

m 9 ] *^jS}^||fC«S U— tfftlX:)?^©^ 2 XSfC 
^3lt5ilPX^^1%O»f®0T*fe§o 

C01 0] *^fiS}g®(C^5U— tfiDX^Fii<D^3XSg 
tfett 5ilDXM^^©Bf®0T'fe 5 „ 

C01 1] !fiinx:5}*(D^4Xg 
K:33tjsinx?t#i^©llfffi0'7$5o 
C0I 2] **SSJg«|{c^5L— lfiPi;^i4{CctD^»f 

C0 1 3 ] u— »f inix:)Eri£fc43tts u 

C01 4] *^fifi}^®©^ie!Iic^5P-lfAPX:^ffi{c 

C0 1 5] 1 eufcfi^s b-ifipx:«Fj** 

C0 1 6 ] *llfi(5}gffiom 1 m^m^ i^— y'inx^sjc 
J: D«»f5rtg:Q:/-«^->;&i(iW-r5fci6©iPX5*^<a<D 

C01 7] xy-'^m.iimmcm^^^mmmmi 
CEii 8] v-^'fmh'^mmim-r^^wmmmi 
m\ 9] :^ms!m<o's^2mK^\'^x. «>xA5/-h. 

C02 0]. *lfe5S}^^©^20IJ(C*3V^T. 'irx/Ni^- h 

C02 1] 3|s:^SfiJBSo^2 0iJtc«5^llr:??S*iiRg-r 
C0 2 2 ] *^fiaijgS<D^ 2 0IJtC^S^»i;5}it i 0 u 
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2003-14 5 8 



25 

[02 4] mz 3iC^t^Mmin<DXX l V-XX 

[02 5] 02 stc^tmmmnoxxw-xxv 

[02 6] mif6m^mmm^m< Lrcm-^izisif?>m 
2 3K^ty(Mmmin(oxxw-xxwmicm^rcm 

[02 7] m^tommmm^t p,icm< trc^tc^s 
ifmz 3Kmtytmmmtn<oxxv-xxwmtcm « 

[028] *^]66!0ffi(D^ 2 0!ltc^5^»r:^S©^ i x 

[02 9] ^mmmm(om2micmmwi:&m(om2x 

[03 0] *IIS6iJ^®(D^20IJfC^gS^»r:^rjS(D^3X 
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[03 1] *lli6fiJ^S<D^20a{c^§^»f;5rS<?)^4X 

[03 2] ^^^mmiomzmicm^mmmomsjL 

1 ♦ • • taximm. 3 • • • ^ffi^ 5 • • • ^»f5^^ 
^-o, 7 • • •escamJiix 9 • • • i^'^y^mi^. i 
1 . . .s/y3>">x/\ 1 3 • • -jsiwiiam 1 

5. 17. 19. 23 • • • \y—^ytm. 2 5. 2 7. 

2 9 • • • 7 W^agggj. 3 1 • • • ffi«^?'>x/\ 

3 7 • • • 1 0 0 • • • u— ifjn 

Xg®> 10 1 • • • lx-1f^ii, 1 0 5 • • • 

uv'Xx 10 9- • • xiiXT— s^, 1 1 1 • • • yift 

X-r-S?. 1 1 3 • • • Ztt;Sx-i?> P • • 'Mi^ 
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